Carbapenem-resistant Klebsiella pneumoniae (CRKP) bacteriuria is a frequently encountered clinical condition, but its clinical impact is unknown. We conducted a retrospective cohort study to define the epidemiology and outcomes for patients with CRKP bacteriuria. Patients with positive urine cultures for CRKP were classified as having asymptomatic bacteriuria (ASB) or symptomatic urinary tract infection (UTI). Among 105 patients with CRKP bacteriuria, 80% (84/105 patients) and 20% (21/105 patients) had ASB and UTI, respectively. Older age (P ‫؍‬ 0.002) and higher Charlson's comorbidity index scores (P ‫؍‬ 0.001) were associated with ASB. The median duration of hospitalization prior to CRKP bacteriuria was significantly longer for patients with ASB versus UTI (8.5 versus 2 days; P ‫؍‬ 0.05 21 patients) , including all patients who received doxycycline (n ‫؍‬ 9). The overall 30-day mortality rate was 6% (6/105 patients); the deaths were unrelated to CRKP infections. Secondary CRKP infections, including UTIs, were notably absent among patients with ASB who were followed for 90 days. In conclusion, identification of CRKP in the urine was most commonly associated with ASB and did not lead to subsequent infections or death among asymptomatic patients. Factors associated with UTIs included male sex, solid-organ transplantation, and neurogenic bladder. Doxycycline may be an effective therapy for CRKP UTIs.
C
arbapenem-resistant Klebsiella pneumoniae (CRKP) has emerged as a major nosocomial pathogen in the United States and worldwide (1) . Carbapenem resistance is typically mediated by production of carbapenem-hydrolyzing enzymes, with Klebsiella pneumoniae carbapenemases (KPCs) being the most common (2) . Few antimicrobial agents retain in vitro activity against CRKP, and optimal treatment strategies are thus poorly defined. As a result, health care-associated infections due to CRKP are associated with poor patient outcomes (3) . Urinary tract infections (UTIs) are the most common health care-associated infections in the United States (4) , and the prevalence of UTIs due to antimicrobial-resistant Gram-negative pathogens has increased precipitously over the past decade (5) .
Indeed, K. pneumoniae is the second leading cause of health care-associated UTIs, and CRKP is increasingly implicated (5) . Nevertheless, the clinical importance of and the need for antimicrobial therapy against CRKP isolated from urine cultures from asymptomatic patients are unknown. In this setting, judicious use of a dwindling antibiotic armamentarium is balanced with the risks of disseminated infections caused by these extensively drugresistant (XDR) bacteria (6) . To date, clinical reports of successful treatment approaches have not differentiated outcomes among patients with asymptomatic bacteriuria (ASB) and symptomatic UTIs (7, 8) . Therefore, rates of urinary colonization and longterm outcomes for patients with CRKP bacteriuria are undefined. To address these shortcomings and to improve management strategies against CRKP, we aimed to define the epidemiology and long-term clinical outcomes for patients with CRKP bacteriuria. Moreover, we sought to identify factors associated with CRKP UTIs among patients with bacteriuria.
MATERIALS AND METHODS
Study design and patients. We conducted a retrospective cohort study of patients with CRKP bacteriuria. Adult subjects with bacteriuria involving ertapenem-nonsusceptible K. pneumoniae were identified from the microbiology records at a tertiary medical center in Pittsburgh, Pennsylvania, between January 2009 and October 2012 (3). The first urine culture yielding CRKP was considered the index culture for each patient. Patients with CRKP isolated from a nonurinary site within 30 days before or 5 days after the index culture were excluded. The study was approved by the institutional review board at the University of Pittsburgh.
Definitions. UTI was defined as patients having a positive urine culture growing Ն1,000 CFU/ml of CRKP and having Ն1 of the following symptoms documented: dysuria, increased urinary frequency, flank pain or tenderness, fevers, and/or altered mental status without an alternative etiology. Presentations with a positive urine culture with CRKP without evidence of symptoms were classified as ASB. Positive cultures were classified as hospital-acquired, health care-associated, or community-acquired cases by using standard definitions previously reported (9) .
Outcome measures. The primary clinical outcome of the study was the development of secondary health care-associated infections due to CRKP within 90 days after the index urine culture. Healthcare-associated infections were defined according to standardized definitions from the Centers for Disease Control and Prevention/National Healthcare Safety Network (10 
RESULTS
A total of 133 patients with CRKP bacteriuria were identified during the study period. Twenty-eight cases were excluded due to concomitant cultures growing CRKP from another site (n ϭ 23) or lack of medical records (n ϭ 5). Of the cases included, 20% of patients (21/105 patients) and 80% of patients (84/105 patients) were classified as having UTI and ASB, respectively. Fifty percent of cases (53/105 cases) were hospital acquired, and 50% (52/105 cases) were health care associated; no cases were community acquired.
Manifestations of CRKP UTI. Among 21 patients with UTIs, 7 had fever with no other reason for the febrile illness, 5 had fever and altered mental status, 3 had altered mental status with no alternative explanation, 2 had fever and dysuria, 2 had dysuria alone, and 1 patient each had dysuria with flank pain and generalized weakness with fevers. UTIs were considered to be complicated for 14% of patients (3/21 patients) due to pyelonephritis (n ϭ 2) or prostatitis (n ϭ 1). In urinalyses, patients with UTIs were more likely to have urinary white blood cell (WBC) levels of Ն150 cells/l (57% versus 32%; P ϭ 0.04), positive leukocyte esterase findings (100% versus 73%; P ϭ 0.005), and Ն100,000 CFU/ml CRKP (100% versus 67%; P ϭ 0.001). On the other hand, there was no difference in the rates of leukocytosis (serum WBC levels of Ն11,000 cells/l) among patients with UTI (29%) versus ASB (35%; P ϭ 0.79).
Factors associated with UTI. Baseline demographic and clinical characteristics are shown in Table 1 . In univariate analyses, male sex (P ϭ 0.0004), neurogenic bladder (P ϭ 0.001), and suprapubic catheter use (P ϭ 0.03) were associated with UTI, while older age (P ϭ 0.002) and a higher median Charlson's comorbidity index score (P ϭ 0.001) were associated with ASB. .52]; P ϭ 0.01) were factors independently associated with UTI. Transplant types among those with UTIs included liver (n ϭ 4), kidney (n ϭ 3), multivisceral (n ϭ 2), lung (n ϭ 1), and heart (n ϭ 1). The median duration of hospitalization prior to CRKP bacteriuria was shorter for patients with UTI (2 days [range, 1 to 79 days]) than for patients with ASB (8.5 days [range, 1 to 346 days]; P ϭ 0.05).
Antimicrobial therapy and outcomes for patients with CRKP
UTIs. All patients with UTIs were treated with systemic antimicrobials for a median duration of 13 days (range, 6 to 15 days). The overall rate of cure was 90% (19/21 patients); 48% of patients (10/21 patients) had a presumed cure. Doxycycline was used to treat 9 patients, and all experienced a clinical cure (4 were presumed). The associated isolates were either susceptible (n ϭ 6) or intermediately resistant (n ϭ 3) to doxycycline by the Kirby-Bauer disc diffusion method. The remaining patients with clinical cures received a carbapenem (n ϭ 4), cefepime (n ϭ 2), ciprofloxacin (n ϭ 2), amikacin (n ϭ 1), or piperacillin-tazobactam (n ϭ 1). With the exception of one patient receiving piperacillin-tazobactam, the organism tested as susceptible to the given agent based on susceptibility breakpoints at the time of culture. It is notable that, among patients receiving a carbapenem, the associated isolates were susceptible to imipenem-cilastatin but resistant to ertapenem. Failures occurred in one patient with neurogenic bladder who received colistin for 15 days and in another patient with prostatitis who received 3 doses of fosfomycin. Thirty-three percent (8/21) of the patients had an indwelling urinary catheter at the time of UTI, which was managed with catheter exchange (n ϭ 4), removal (n ϭ 2), or antimicrobial treatment alone (n ϭ 2). No secondary infections were observed within 90 days after the index culture, and all patients survived at hospital discharge and at 30 days. The overall median length of stay was 13 days (range, 1 to 143 days). Thirty-eight percent (8/21) of the patients with UTI were readmitted within 30 days for unrelated medical issues.
Clinical management and outcomes for patients with ASB. Therapeutic interventions for patients with ASB primarily included systemic antimicrobial treatment (10% [8/84 patients]) and urinary catheter removal or exchange (67% [26/39 patients]). Microbiological eradication within 30 days was documented for 56% of patients (47/84 patients), and rates did not vary between patients with (65% [22/34 patients]) or without (50% [25/50 patients]) these interventions (P ϭ 0.26). Seven percent of patients with ASB (6/84 patients) died within 30 days; all deaths were due to underlying conditions and not infectious causes. Secondary CRKP infections, including UTIs, within 90 days after the index culture were notably absent among surviving patients. Thirty-one percent (26/84) of the patients were readmitted within 30 days for unrelated medical issues.
DISCUSSION
Invasive infections due to CRKP are associated with substantial morbidity and mortality rates, yet the clinical significance of isolating CRKP from the urine is unknown. To our knowledge, this study is the first to describe the epidemiology and long-term clinical outcomes of patients with CRKP bacteriuria. We identified two particularly noteworthy findings. First, isolation of CRKP from the urine was most commonly associated with ASB, not UTIs. In fact, the overwhelming majority of patients (80%) at our center with CRKP bacteriuria did not manifest clinical symptoms consistent with UTIs. Second, patients with CRKP bacteriuria did not develop secondary infections, and CRKP-associated death was notably absent. Even among the 72% (76/105) of the patients managed without antimicrobial therapy, adverse outcomes within the 90-day follow-up period were not present. Taken together, our findings provide new insights into the clinical manifestations of CRKP bacteriuria and are useful for devising management strategies against XDR pathogens.
UTIs account for up to 45% of nosocomial infections in the United States and are increasingly caused by XDR bacteria (5, 11) . Factors associated with CRKP UTIs identified in our study corroborate those reported earlier (12) (13) (14) and include male sex, solid-organ transplantation, and neurogenic bladder. These factors are implicated for UTIs caused by other pathogens and are generally considered to be nonmodifiable. Thus, limiting patient exposure to the organisms in the hospital environment through strict infection control measures is of primary importance (15) . Through this, rates of ASB also may be reduced. The median duration of hospitalization was significantly longer for patients with ASB than for those with UTI. Rates of death and hospital readmission did not differ between patients with ASB versus UTI. In fact, our 30-day mortality rate was lower than those reported previously (11, 16) , and no patient died due to CRKP infection. These findings emphasize the population most affected by CRKP bacteriuria, i.e., chronically debilitated, hospitalized patients who die of unrelated causes (11) . The absence of community-acquired cases of CRKP bacteriuria further supports the contention that this organism is predominantly a nosocomial pathogen; however, continued surveillance efforts are needed, given the proliferation of other drug-resistant pathogens in the community setting (3, 17) . Among patients with CRKP bacteriuria, 3 to 6% develop bacteremia within 30 days (16); however, rates among patients with ASB are unknown. The onset of other secondary infections and the long-term outcomes of patients with CRKP bacteriuria have not been reported. In this regard, our study is unique not only for distinguishing ASB from UTI but also for the insights into the long-term outcomes of patients with CRKP it provides. Interestingly, no patient in our study developed secondary infections due to CRKP. There are several plausible explanations for this finding. First, among patients with UTIs, antimicrobial therapy was effective. The overall rate of treatment success in our study was 90% and, while our small sample precludes us from drawing definitive conclusions, doxycycline may be a viable option for treating CRKP if the organism tests as susceptible. For isolates that are susceptible to the aminoglycosides, the use of gentamicin results in significant in vitro killing of CRKP (18) and microbiological clearance from the urine for patients with bacteriuria (16) . Fosfomycin, polymyxin B (or colistin), and the ␤-lactams are secondline alternatives that warrant further investigation (8, 16) . In fact, 7 patients in our study were treated successfully with a ␤-lactam antibiotic, likely owing to the fact that these agents achieve high urinary concentrations that may overcome the underlying mechanisms of drug resistance (19, 20) . It should also be noted that the median treatment duration for patients in our study was 13 days. It is conceivable that prolonged therapy contributed to the absence of secondary infections, which merits further investigation.
Next, we excluded patients with concomitant CRKP cultures from nonurinary sites. In doing so, we were able to study CRKP bacteriuria directly among patients at our center. However, patients who are colonized or infected at multiple sites are more likely to develop secondary infections, resulting in worse clinical outcomes (21) . This is particularly true among hospitalized patients with asymptomatic CRKP rectal colonization. Borer and colleagues reported a 9% incidence of CRKP infections, occurring a median of 20 days after the identification of rectal colonization (22) . The incidence of infection following rectal colonization may be as high as 46% among patients in the intensive care unit (23) . Taken in context, the data suggest that urinary colonization represents a unique reservoir for CRKP, and patient management should be tailored accordingly.
Finally, of patients with ASB who had urinary catheters, 55% (26/47 patients) were managed with catheter removal or exchange, which might have directly prevented secondary infections (24) . The rates of microbiological eradication were higher among patients with catheter removal or exchange than among those with retained devices (65% versus 50%; P ϭ 0.26). Although this was not statistically significant, it may represent a meaningful finding for patient care. Future studies that are designed to assess rates of pathogen eradication and are controlled for sampling biases may provide meaningful conclusions for the management of patients with CRKP bacteriuria. Overall, 72% of patients (34/47 patients) with indwelling catheters had the devices removed in our study. While this is a study limitation, it also emphasizes the likely beneficial role of catheter removal in preventing subsequent infections. Another 8 patients were treated with antimicrobial therapy; however, 59% of subjects (50/84 subjects) in our study were managed without antimicrobials or catheter removal. This suggests that ASB due to CRKP is similar to that of other Enterobacteriaceae and, despite high levels of drug resistance, the organism is unlikely to cause infection even if untreated (25) .
Taken together, our data suggest a number of key implications for the management of CRKP bacteriuria. Foremost, it is practical to suggest that antimicrobial therapy should be reserved for patients with UTIs, who represent the minority of patients with CRKP bacteriuria. Restricting therapy to such patients has important ramifications for antimicrobial stewardship and may help to preserve the few therapeutic options remaining against CRKP. Patients at highest risk for UTIs are male, are solid-organ transplant recipients, or have neurogenic bladder, for which doxycycline may be a viable treatment if the organism has retained susceptibility to the agent. As in all retrospective studies, our data collection was limited to available data and patient management was not standardized. The classification of UTI and ASB was determined from available data, and the findings may not reflect the epidemiology at other centers or in prospective trials. Nevertheless, the absence of secondary infections among patients with CRKP bacteriuria is encouraging and warrants further investigation.
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